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Critical experiments were performed at the Oak Ridge 
Critical Experiments Facility as part of a nuclear criti- 
cality safety evaluation program. The fissile material 
was solidified UFs in transport cylinders designated’ as 
“UFs cylinder Model 8A.” The isotopic composition of 
the uranium was 97.66 wt% a%, 0.77 wt% 234U, 0.26 wt% 
?J, and 1.34 wt% ‘?I. The hydrogen-to-uranium atomic 
ratio in the fissile material did not exceed 0.088. The 
cylinders were of Monel metal with an inside diameter of 
20.3 cm, a wall thickness of 4.8 mm,  a height of 1.25 m, 
and had an average tare weight of 45.4 f 0.2 kg. The six 
cylinders used in these experiments had mass loadings 
between 108.0 and 111.5 kg UFe with an average of 110.4 kg 
UFs. The height of UFO in the cylinders varied, resulting 
in estimated densities from 4.2 to 4.6 with an average of 
4.4 g UFs/cm3. 

The reflector for the arrays was constructed of con- 
crete blocks 10.2 x 20.3 X 40.6 cm having a density of 
2.15 g/cm3. The chemical and spectrographic analysis of 
the concrete and the corresponding element number den- 
sities are given in Table I. 

The experimental assembly consisted of two parallel 
linear 1 X 3 X 1 arrays of cylinders, one on each half of 
the tables comprising the Horizontal Displacement Criti- 
cality Testing Unit. The cylinders in an array were in a 
line perpendicular to the direction of table motion. Each 
array was closely reflected on five sides by 20.3-cm 
thickness of concrete. The remaining facing surfaces of 
the arrays, also reflected by close-fitting concrete, had 
different concrete thicknesses, 10.2 cm on the movable 
table and 40.6 cm on the stationary table. The total thick- 
ness of concrete between the two arrays was 50.8 cm. 
The cylinders in each array were in contact, center 

TABLE I 

Chemical and Spectrographical Analysis of Concrete* 

Element 

H 

C 

0 

N‘l 

MkT 

Al 

Si  

S  

i Ztom Densities,cm-: 

4.24 x 1021 

1.13 x 1o22 

4.02 x 1o22 

7.9 x 10 19 

4.99 x 1021 

3.75 x 102' 

1.93 x 1021 

1.0 x 1020 

Element 

Cl 

K 

'23 

Ti 

Ml l  

Fe 

Si- 

Ba 

Atom Densities, cm-: 

1.9 x 10 19 

3.11 x lozq 

7.27 x 1021 

4.0 x lo19 

1.2 x 10 19 

1.29 x 1020 

a.9 x 1018 

3.9 x 1018 

*Concrete shielding blocks, 10.2 x 20.3 x 40.6 cm at a density 
of 2.15 g/cm3. 

separation of 22.53 cm, and the distance between centers 
of the parallel arrays was 73.3 cm at table closure. 

The assembly, as described, was subcritical, but ex- 
hibited an apparent neutron source multiplication greater 
than 5. Criticality was achieved by increasing the outer- 
surface concrete reflector thickness from 20.3 to 30.5 cm 
of the array on the movable table; i.e., the surface per- 
pendicular to the direction of table motion. Criticality 
occurred at a table separation of 0.39 cm, and at table 
closure the keff of the assembly was measured as 1.0007. 
A  second similar addition to the outer reflector surface 
on the stationary table resulted in criticality at a table 
separation of 7.36 cm. A  summary of these data appears 
in Table II along with a schematic diagram of the experi- 
mental arrangement. 

TABLE II 

Summary of lJF6 Critical Configurations 

20.3 cm 

20.3 cm 

Movable b stationary 

Concrete Reflector Table Separation, 
Thickness, cm cm at Critical Remarks 

Assembly subcritical. 
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Tube 
Loading 

U-Metal 
U-Metal 

U-Metal 

Puo*-uo2= 

Puo*-lJo2= 
PuO*-uo2- 

Polystyrened 

U-Metal h H20 

U-Metal & H20 

U-Metal A H20 

U-Metal 8 H20 

v"2 
U-Metal 8 H20 
U-Metal 

U-Metal 

U-Metal 

TABLE I 

MONTE CARLO ANALYSIS OF THE BNW TUBULAR STORAGE ARRAY 

Tube 
Size Enrichment 

8"Sq. 5 wt% 233J 
8"Circular 5 wt% 

a"sq. 10 wt% 

235: 235 

a"sq. 4 wt% 239Pu02 

a"sq. 4 wt% 239Pu02 

am c;;~==~;;} 

a"sq. 2.25 wt% 235U 

a"sq. 3 wt% 235u 

a"sq. 5 wt% 235u 

a"sq. 5 wt% *?J 

4"Circular 30 wt% 235U 
4"Circular 23 wt% 235U 

4"Circular 25 wt% 235 U 

1"Circular 30 wt% 235U 

2"Circular 94 wt% 235U 

Neutron 
Moderation 

Unmoderated 

Unmoderated 
Unmoderated 

Unmoderated 

H/Pu = 6.71 

Intermediate 
H/235U = 243.8 
(3.8 9 WCC) 

W  235U = 264.6 
(2.8 9 u/cc) 
H/235u = la9 a 
(2.4 g U/cc)' 
H/235U = 152.3 
(2.9 g WCC) 
Unmoderated 
H/235U = 5.00 

Unmoderated 

Unmoderated 

dnmoderated 

Single Tubeo ' 

0.649 t .007 
0.602 * .005 

0.568 i .005 

0.619 i .006 

0.669 t .008 

0.828 f .006 

0.604 i .005 
0.728 t .007 

----_ 

----- 

l- tu 
Storage Arrayb- 

0.875 + .006e 
0.785 + .006e 
1.045 + .006 

0.832 _e .007~ 

0.868 t .OOfje 

0.840 f .008e 

0.924 f .006= 

0.976 t .006 

1.065 _c .007 

1.092 i .ooa 

0.804 t .OOlle 
0.903 ? .008e 
0.933 + .009 

0.973 t .007 

1.401 + .008 

Applicable Limit 

k eff co.95 
k eff co.95 

Mass Limit; 
Double Batch Safe 

keff CO.95 

k eff co.95 

k eff co.95 

k eff co. 95 

Mass Limit; 
Double Batch Safe 

Mass Limit; 
Double Batch Safe 
Mass Limit; 
Double Batch Safe 

k eff co. 95 

k eff co.95 

Mass Limit; 
Double Batch Safe 
Mass Limit; 
Double Batch Safe 

Mass Limit; 
Double Batch Safe 

"Each single tube was fully reflected by concrete, 16" Lhickness minimum. 

bStorage array of 8" square tubes (7.625" inside, 0.1875" wall thickness) are 14 tubes wide by 5 tubes high by 
80" deep; 16" center-to-center. 

Storage array of 8" SCH 40 tubes are 14 tubes wide by 5 tubes high by 80" deep. 16" center-to-center 
Storage array of 4" SCH 40 tubes was taken to be 7 tubes wide by 8 tubes high L$ 80" deep; 

(78 tubes total in a L-shaped configuration in actual arrav). 
14" center-to-center 

Each storage array was fully reflected by concrete having a density of 2.281 g/cm3 and a composite aggregate 
of l imestone and silicates. The composition was H - 0.008523, C - 0.020253, 0 - 0.034590, Na - 0.000020, 
Mg - 0.001860, Al - 0.000565, Si - 0.001700, K - 0.000040, Ca - 0.011126, Fe - 0.000190 atoms/barn-cm. 

'Natural uranium 0.72 wt% 235U. 

d5B;48piP u + U)/liter at 14.62 wt% Pu; H/(Pu + U) = 30.6; 

23.6 
u content of PU = a.0 wt%; 235U content of u = (1.151 wt% 235~; 

liters of solid fuel compact per tube. 

'Meets criticality safety criterion for storage. 


